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[57] ABSTRACT

An full bridge Zero-Voltage-Switched DC/DC converter
with the four MOSFET snitches feeding the primary wind-
ing (T1) of the output transformer (T1) through a series
inductance (L) and a series DC blocking capacitance (C)
uses two MOSFET asynchronous rectifiers ((Q2) in its full
wave output section. Each ((Q2) is serially connected
between the output transformer (T1) and the output shunt
capacitance (C') through the primary winding (T21) of a
transformer detecting its drain current. The secondary wind-
ing (T22) of the detector transformer is shunted by a pair of
resistances (R1/R'1) each in series with the base-emitter
junction of a bipolar transistor (Q1/Q'1), the two transistors
of complementary polarity forming a totem-pole branched
across an auxiliary winding (T12) of the output transformer.
The totem-pole output coupled (R2) to the gate of the
MOSFET (Q2) switches its state upon the drain current
value crossing the adjustable (R1/R'1) low vaiue of the
detector transformer magnetising current.

20 Claims, 1 Drawing Sheet
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AC CURRENT DETECTOR AND POWER
SUPPLY CIRCUIT

TECHNICAL FIELD

The invention relates to an AC current detector in which
the current level is detected from the secondary winding of
a transformer loaded with an asymmetrically conducting
impedance and with the current flowing through the primary
winding.

BACKGROUND OF THE INVENTION

Current step-down transformers with the primary winding
connected in series with the load circuit, the current 1n which
is to be measured, are an old measuring technique, particu-
larly for ammeters and wattmeters connected across the
secondary winding, but have also been used in more modern
sense schemes for electronic applications. The circuit
defined above is for instance known from “High-Frequency
Switching Power Supplies: Theory and Design™, G. Chrys-
sis, McGraw-Hill Publishing Company, 1989, particularly p.
203 and 221. In the first, isolated current sensing has the
secondary winding shunted by a diode in series with a
resistance, the latter shunted on the input of a differential
amplifier part of a power supply control circuit. In the
second, the diode and resistance series combination part of
a transistorized detector is again across the secondary with
the primary winding of the current step-down transformer
monitoring the load current of a power supply.

Such known techniques are however not suitable as such
when energy consumption is at a premium and a fast
reacting detector is needed as is the case for instance in
recent high frequency clectronic power supply circuits using
power MOS transistors (MOSFETSs) in integrated circuits.
Using MOSFETS: for the switches of such DC/DC converters
but Schottky diodes for the output rectifiers has in recent
years lost ground to the latter relying aiso on MOSFETSs as
synchronous rectifiers. Indeed, conduction losses in the
rectifier unit of the converter can in this way be reduced
substantially. Even though such losses are only a relatively
low percentage of the output power, they represent an
important fraction of the total converter losses and in many
electronic applications maximum efficiency is very much in
demand. Representative figures readily illustrate the com-
parison between a Schottky diode and a MOSFET as output
rectifier when considering a 0.5 volt drop for the first and an
ON resistance of 15 milliohms for the second. With a mean
output current of 3 amperes for the converter, the conducting
diode thus dissipates 1.5 watt while the MOSFET conduc-
tion loss will only be 0.185 watt widen assuming a form
factor leading to an RMS (Root Mean Square) value of 3.5
amperes. Even though 1.5 watt is only 2.5% of the converter
output power, if the output voltage is 20 volts it can
constitute approximately 30% of the total converter losses.
Thus, the very substantial conduction loss reduction
afforded by MOSFETs as output recitifiers can be an attrac-
tive solution for many applications.

Representative considerations on such MOSFET use have
been given by R. Blanchard and R. Severns in Section 5.6
on p. 5-69 to 5-86 of the “Mospower applications hand-
book™, Siliconix Inc., 1984, 1.e. MOSFETs move 1in on low
voltage rectification (Siliconix Technical Article TA 84-2).
Therein two main gate drive circuits for the MOSFET output
rectifiers are discussed, i.e. based on use of auxiliary wind-
ings on the DC/DC converter output transformer secondary
or independent gate drive circuits with proper timing, the
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latter dependent on the type of converter circuit. Additional
considerations on such output MOSFEET rectifier gate drive
are also to be found for instance in the IEEE Power
Electronics Specialists Conference Record, 19835, p. 355 to
361, “The design of a high efficiency, low voltage power
supply using MOSFET synchronous rectification and cur
rent mode control”, by R. Blanchard and P. E. Thibodeau. In
particular, the importance of the form factor of the converter
output current is noted since different timing methods for
gate-drive signals can lead to substantial differences in the
RMS current as compared to the average, i.e. a 6% instead
of 6.5% increase, which, as noted above, affects the MOS-

FET output rectifier efficiency far more than the Schottky
diode.

In the above 1984 handbook it i1s pointed out that the
additional complexities of using an independent gate drive
are to be viewed in the light of various advantages some of
which linked to the converter design or topology. In “An
assessment of the use of resonant-mode topologies for high
frequency power conversion”, P. 331 to 337 of the Proceed-
ings of the European Space Power Conference, Madrid, Oct.
2—6, 1989, S. H. Weinberg and C. D. Manning include ZVS
(Zero-Voltage-Switched topologies) such as the Class-E
resonant converter which 1s one of the circuits using an
inductance and a capacitance both in series with the output
transformer primary winding. While this 1s a single-ended
DC/DC converter using only one MOSFET switch, the
series circuit can also be fed through a full bridge using four
switches. With each pair of diagonally opposite MOSFETSs
simultaneously turned on during their respective half-cycle
when the voltage across them is close to zero, the reversal
of the DC voltage applied to the series circuit including the
primary winding takes place at a time of the half-cycle
corresponding to a peak current value.

Unfortunately, as already noted in the above 1984 article
in connection with the use of auxiliary transformer windings
for the gate drive, not all circuit topologies are adapted to the
desired way of controlling MOSFETs acting as output
rectifiers, e.g. the quasi-square wave converter using a series
output coil contrary to the buck or boost-derived converters,
or the above full bnndge ZVS converter, all three without a
series inductance immediately preceding the output shunt
capacitance. |

When neither a clock synchronised command of the
MOSFET output rectifiers nor the use of auxiliary trans-
former windings are suitable options for the MOSFET gate
drive, as 1s the case for instance for the above full bridge
ZVS converter, a suitable AC current detector would be
desirable. Indeed, ideally, a rectifying MOSFET should be
turned on as a positive current ' would tend to appear therein,
turning off occurring when it would tend to become nega-
five.

DISCLLOSURE OF INVENTION

An object of this invention is therefore an AC current
detector using a transformer and which has a fast response
compatible with high frequency electronic power supplies
while consuming little power.

Another object of the invention is a MOSFET output
rectifier controlled through its main output drain current so
as to enable its inclusion between a poster supply circuit
using MOSFET switches and an output shunt capacitance,
without a series inductance necessarily preceding the latter,
such as a full bridge ZVS (Zero-Voltage-Switched) DC/DC
converter.
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In accordance with a feature of the invention, two asym-
metrically conducting impedances and poled in opposite
directions are branched in parallel on the secondary winding
and detecting means are provided to sense which of the two
impedances is conductive.

Such an AC current detector can provide predetermined
positive and negative secondary voltage levels depending on
whether the primary current is above or below the trans-
former magnetising current. The latter will exhibit only
slight linear increases and decreases if the transformer
magnetising inductance is sufficiently large and its average
level can be adjusted as a function of the respective resistive

values of the two impedances. Thus, depending also on the
waveform of the measured AC current one can control the
fraction of the period of this current during which the
secondary voltage is at one of the two predetermined levels.
Switch-over between the two can be as fast as the transition
time of the diodes and a relatively small transformer con-
suming a limited amount of energy can be used.

The invention also relates to a power supply circuit with
an output transformer feeding one or more MOSFET output
rectifiers each serially associated with the input port of an
individual AC current detector whose output port is coupled
between the gate and source terminals of the MOSFET.

Such a power supply circuit is disclosed for instance on p.
150 to 152 of the above Chryssis textbook. This current-
driven output rectifier circuit relies on a current detector
transducer using a 3-winding saturable core transformer
associated with a transistor. The transformer is driven by the
source current and a 25/1 current step-down ratio is provided
for the gate current winding shunted by the collector-emitter
path of a bipolar transistor with a 3/1 current step-down ratio
for the base current winding.

Apart from a third winding being needed, such a saturable
core transformer not only dissipates additional energy but
operation tolerance depends on the level of saturation.

A further object of the invention is therefore a power
supply circuit in which the AC current detectors associated
with the MOSFET output rectifers avoid such drawbacks.

In accordance with a further teature of the invention, the
input port is fed by the drain current of the associated
rectifier and the detector is powered by a winding of the
output transformer.

In this manner, particularly using the detector of the
present invention, even with such power supply circuits as
the above tull bridge ZVC, maximum savings on the output
MOSFET rectifier conduction losses can be secured. With

two such rectifiers coupled between respective outer ends of
- the centre-tapped output transformer on the one hand and the
live end of the output capacitance on the other, the primary
winding of a detector transformer can couple the drain of the
MOSEET to the output capacitance and this for each of the
rectifiers. Two auxiliary windings on the output transformer
secondary can now be used in order that a totem-pole be
branched on each of them with the secondary winding of the
detector transformer coupled on the one hand to the PNP and
NPN ftransistors commoned emitters, the latter resistively
coupied to the MOSFET gate, and on the other hand to their
base resistances. In this way, the body diode of the MOSFET
is only briefly tummed on as the current into the MOSFET
source crosses the set magnetising current level in either
direction. Thereby, nominal conduction losses are achieved
without relying on synchronous rectifier action, the auxiliary
windings now merely supplying predetermined bias poten-
tials to the MOSFET gates to turn the rectifiers on or off.
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To be noted that it is known to have two coupled wind-
ings, the first in the series path leading to the output
capacitance of a forward converter and the second resis-
tively coupled to the gate-source terminals of a MOSFET
rectifier whose drain 1s connected to the first winding away
from the capacitance, e.g. p. 146/7 of the above Chryssis
textbook, However, in a forward converter, this rectifier is
the flywheel diode and the first winding is thus an energy
storing coil to deliver it to the load (capacitance) when this
shunt MOSFET rectifier is turned on with the help of the
second winding. Thus, one does not have a transformer with
a mere DC 1solation function and neither a winding solely
passing the controiled MOSFET drain current since this
forward converter series coil receives also the drain current
from the series MOSFET rectifier having 1its gate-source
coupled to an auxiliary winding of the output transformer.

The above mentioned and other objects and features of the
invention will become more apparent and the invention itself
will be best understood by referring to the following descrip-
tion of an embodiment taken in conjunction with the accom-
panying drawing:

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1, a full bridge Zero-Voltage-Switched (ZVS)
DC/DC converter; and

FIG. 2, an asynchronous output MOSFET rectifier gate
drive using a fast current detector, both 1n accordance with
the invention and incorporated 1in the ZVS converter of FIG.

1.

BEST MODE FOR CARRYING OUT THE
INVENTION

The full bridge ZVS DC/DC converter of FIG. 1 has the
input DC voltage VB feeding a primary winding T10 ol an
isolating transtormer TI through a series circuit including
also a power inductor L. and a DC blocking capacitor C, the
frequency of operation being well above the resonant LL.C
frequency. This occurs alternately through simultancous
closure of the shown open switches S1 and S2, actually
constituted by power MOSFETS poled in the same direction,
or S'1 and S2 for the reverse current direction through T10
during the other hali-cycle of the periodic operations. Thesc
are confrolled in classical manner by a regulation loop (not
shown but with the control of the switches symbolically
indicated by the interrupted line linking them to C') from the
DC output, 1.e. the voitage appearing on a load R shunted by
an output capacitance C' whose live terminal 1s connected to
the outer ends of the push-pull secondary windings T11 and
T'11 of T1 through the shown diodes D and D' respectively.
The other commoned end of C'and R is connected to the
commoned ends of T1l and T'11 thus constituting the
reference output terminal of the converter. The control law
of the regulation loop 1s arranged to turn off the currently
conducting pair of MOSFETS switches, e.g. S1 and SZ,
prior to the absolute positive or negative value of the current
through T10 reaching its peak value.

Considering for mstance the half-cycle during which S1
and S2 are closed, S'1 and S'2 being open as shown, starting
with a current through T10 crossing zero and becoming
positive, it will increase linearly, a substantially constant
voltage VB-VT appearing across L, with VT being the
voltage across T10 as reflected from the transformer sec-

ondary.
At a time determined by the control law of the regulation
loop (not shown), S1 and S2 are then turned off starting a
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gap stage during which all four switches are open, i.e. thus
turned off. During that time interval, the potentials at the
ends of the senies circuit involving T10, C and L will be
exchanged following the charge of the parasitic capacitances
of S1 and S'1 by the energy stored in L. while the capaci-
tances of S2 and S'2 previously charged at VB are dis-
charged. After this potential exchange, zero voltage is found
across S'1 and S'2 following the clamping action of the
intrinsic body diodes of these power MOSFETs.

During this exchange of potentials the positive current
through the series circuit T10, C and L. will no longer
increase linearly but the slope of the increase will gradually
diminish to zero to reach a current peak whereafter it will
decrease with a gradually increasing negative slope.

Next, follows a free wheeling stage during which this
positive current will now decrease linearly at a steeper rate

than for the linear increase since the voltage across L 1s now
~VB-VT, instead of VB-V'IL. After the exchange of poten-
tials, the decreasing current initially flows through the body
diodes of S'1 and S'2 until these MOSFET switches are
turned on whereafter it flows through the actual switches
thereby reducing resistive switching losses. Zero-Voltage-
Switching is thus achieved since at turn-on the voltage
across S'1 or S'2 is the forward voltage of their body diode
‘which is close to zero.

The linear decrease of the above positive transformer
current continues until it reaches zero and becomes negative.
Thereafter, in the following half-cycle of operations, it will
increase linearly in negative value, at the same rate of
increase as for the positive current since the voltage across
L is now —VB+VT, the opposite states of conductivity for
the output rectifying diodes D and D’ being exchanged. This
negative current waveform will be matched to the positive
one, i.e. VB+VT being the next condition across L, thus
completing a full cycle.

When power MOSFETs are also used for D and D),
instead of Schottky diodes, FIG. 2 shows how a current
detector can ensure maximum reduction of conduction
losses by controlling them in an asynchronous manner,
relying solely on their drain current to control their gate-to-
source voltage. The circuits for D and D' being identical only
that for D is shown in FIG. 2 which reproduces therefore
only part of FIG. 1, i.e. windings T11 and T'11 with only the
circuitry coupling T11 to C, R since that from T'11 is
identical.

Instead of D linking T11 to C', R in FIG. 1 one now has
a circuit powered from the additional auxiliary winding T12
of T1, poled as shown, and including a fast current level
detector whose main elements are a transformer T2 with 1ts
windings T21 and T22 positioned separately and poled as
shown in association with a totem-pole made up of NPN
transistor Q1 and PNP transistor Q'l.

Power MOSFET Q2 is now shown to have taken the place
of D with its source connected to the junction of T11 and
T12 while its drain is coupled to C', R through the primary
winding T21 of T2. This is coupled to the secondary winding
T22 which is symmetrically coupled to the totem-pole
incuding two identical half-topologies with paired elements
distinguished by a prime notation. Thus, T22 is shunted by
base resistance R1 and the base-emitter diode of Q1 whose
collector is coupled to the outer end of T12 through diode
D1 poled as shown and protecting the bipolar transistor
base-emitter junction while a like shunt involves R'1, Q'1
and D'l. As shown the latter cathode 1s connected to the
source of Q2 so that D1, Q1, Q'1 and D'1 are thus all poled
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in the same direction across T12. The gate of Q2 is coupled
to the commoned emitters of Q1/Q'1 through resistance R2.
A further diode D2 1s shown between the source and drain
of Q2 but may actually be constituted by its body diode. To
reduce the propagation delay due to the storage time of the
transistors, two anti-saturation diodes D3/D'3 poled as
shown are positioned across the base-collector junctions of
Q1/Q'1 respectively. All diodes shown may be of the Schot-
tky type.

Contrary to a centre-tapped full wave DC/DC converter
output section using power MOSFETs as synchronous rec-
tifiers, e.g. p. 145/6 of the above Chryssis textbook, such an
output transformer auxiliary winding as T12 thus only

serves to power the Q1/Q'1 totem-pole controlling MOSFET
Q2 through the sensing transformer windings T21 and T22.

With a linearly increasing positive current starting from
zero making D2 conductive, the increasing current through
121 will quickly overtake the slowly increasing magnetising
current of detector transformer T2 thereby leading its sec-
ondary winding T22, poled as shown, to render Q1 conduc-
tive instead of Q'l as previously. Thus, the Q1/Q'1 totem-
pole which is not referenced to the current measuring point
provides the amplification necessary for using the T22 signal
to ensure fast turn-on of Q2 by supplying an appropriate
potential level through D1, Q1 and via R2. Fast switching is
ensured by D3 and the dissipated detector power is linked to
that needed to switch the base-emitter diode of Q1/Q'1 and
maintain one of the two conductive. A very small series
voltage will appear across T21 since it will be equal to the
small potential across T22 divided by the turns ratio from
T2210T21, ¢.g. 50 to 1, this corresponding to the step-down
current ratio from the load circuit (T21) to the detector
(T22), i.e. in the opposite direction. Upon Q2 becoming
conductive with a voltage drop smaller than the forward one
of D2, this last turns off.

When there 1s a subsequent linear decrease of the current,
a reverse totem-pole action takes place upon the current
falling below the magnetising one for T2, i.e. Q'1 becomes
again conductive instead of Q1 thereby discharging the
gate-source capacitance of Q2 through R2, Q'1 and D'l.

Since the magnetising current of T2 1s such that the
average of the positive voltage across T22 cancels the
negative one in function of the known voltage waveform, the
values of R1/R'1 can be chosen to adjust the magneftising
current level just high enough to turn off Q2 as desired when
the current becomes negative. In this way, the second
turn-on of D2 when Q2 1is turned off can be limited or
avoided altogether to reduce conductive losses.

Thus, the above AC current detector 1s particularly attrac-
tive for the control of a MOSFET output rectifier since in
addition to fast operation and low power consumption, DC
1solation from the detector 1s ensured for the output rectifier
current which 1s not affected by the detector.

While the principles of the invention have been described
above in connection with specific apparatus, it is to be
clearly understood that this description is made only by way
of example and not as a limitation on the scope of the
invention.

We claim:

1. An AC current detector in which a current level is
detected from a secondary winding (T22) of a transformer
loaded with an asymmetrically conducting impedance (R1,
Q1/R'1, Q'1) and with a current flowing through a primary
winding (T21), characterized in that

two asymmetrically conducting impedances (R1, Q1/R'1,
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Q'1) are poled in opposite directions and connected in
parallel across said secondary winding (T22)

detecting means (T21, Q1/Q'1) is provided to sense which
of the two asymmetrically conducting impedances (R1,
Q1/R'1, Q'1) is conductive;

each impedance is constituted by a resistance (R1/R'1) in
series with an emitter-base junction of a bipolar tran-
sistor (Q1/Q'1), the two bipolar transistors (Q1/Q'1)
have complementary polarity forming a totem-pole fed
by a voltage supply (T12) of an output transformer (T1)
and producing an output signal at common emitters of
the two bipolar transistors (Q1/Q'1); and

protecting diodes (D1/D'1) couple collectors of said two
bipolar transistors (Q1/Q'1) to said voltage supply
(T12).

2. An AC current detector in which a current level 1is
detected from a secondary winding (T22) of a transformer
loaded with an asymmetrically conducting impedance (R1,
Q1/R'1, Q1) and with a current flowing through a pnmary
winding (T21), characterized in that

two asymmetrically conducting impedances (R1, Q1/R'1,
Q'1) are poled in opposite directions and connected in
parallel across said secondary winding (T22);

detecting means (T21, Q1/Q'1) is provided to sense which
of the two asymmetrically conducting impedances (R1,
Q1/R'1, Q1) 1s conductive;

cach impedance is constituted by a resistance (R1/R'1) in
series with an emitter-base junction of a bipolar tran-

sistor (Q1/Q'1), the two bipolar transistors (Q1/Q'1)

have complementary polarity forming a totem-pole fed

by a voltage supply (T12) of an output transformer (T1)
and producing an output signal at common emitters of
the two bipolar transistors (Q1/Q'1l); and

anti-saturation diodes (D3/D'3) are positioned across
base-collector junctions of said two bipolar transistors

(Q1/Q'1).

10

15

20

25

30

35

3. An AC current detector in which a current level 1s

detected from a secondary winding (T22) of a transtormer
loaded with an asymmetrically conducting impedance (R1,
Q1/R'1, Q'1) and with a current flowing through a primary
winding (T21), characterized in that

two asymmetrically conducting impedances (R1, Q1/R'],
Q'1) are poled in opposite directions and connected in
parallel across said secondary winding (T22);

detecting means (T21, Q1/Q'1) is provided to sense which

of the two asymmetrically conducting impedances (R1,
Q1/R'1, Q1) is conductive;

each impedance in constituted by a resistance (R1/R'1) in
series with an emitter-base junction of a bipolar tran-
sistor (Q1/Q'1), the two bipolar transistors (Q1/Q'1)
have complementary polarity forming a totem-pole fed
by a voltage supply winding (T12) of an output trans-
former (T1) and producing an output signal at common
emitters of the two bipolar transistors (Q1/Q'1);

the AC current detector is 1n a power supply circuit; and

the potential across the voltage supply winding (T12) of
the output transformer (T1) constituting the totem-pole
voltage supply i1s coupled to an output of a MOSFET
output rectifier which becomes conductive when the
drain current exceeds a magnetizing current of a detec-

tor transformer (T21).
4. Power supply circuit as in claim 3, characterized in that
the output rectifier (Q2) in series with the input port (121)
is directly connected between the output transformer and an
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output shunt capacitance (C').

5. Power supply as in claim 4, characterized by an
inductance (L) in series with an input winding of the output
transformer (T1).

6. Power supply circuit as in claim 3, characterized by a
DC blocking capacitance (C) in series with the inductance
(L).

7. Power supply circuit as in claim 6, characterized 1n that
the power supply circuit is a full bridge Zero-Voltage-
Switched DC/DC converter with four MOSFET switches
(S1, S2, S'1, §2).

8. Power supply circuit having an output transformer T1
feeding one or more MOSFET output rectifiers (Q2) each
serially associated with an input of an individual AC current
detector with an output coupied between gate and source
clectrodes of the one or more MOSEFET output rectifiers
(Q2), characterized in that

the individual AC current detector includes a current
detector having detector transformer means (T21, T22)
with a primary winding (T21);

the individual AC current detector is powered by a
winding (T12) of the output transformer (T1);

the input of the individual AC current detector 1s fed by
a drain current of an associated one of the MOSFET
output rectifiers (Q2); |

the potential across a voitage supply winding (T12) of the
output transformer (T1) constituting a totem-pole volt-
age supply is coupled to an output of a MOSFET output
rectifier which becomes conductive when drain current

exceeds a magnetizing current of the pnmary winding
(T21); and

said output transformer (T1) feeds two MOSFET output
rectifiers, a first one of said two MOSFET output
rectifiers being connected between one end of said
output transformer (T1) and a first terminal of an output
shunt capacitance (C') and a second one of said two
MOSFET output rectifiers 1s connected between a
second end of said output transformer and said first
terminal of said output shunt capacitance (C').
9. An AC current detector for sensing current flow to
control a controlled device connected thereto, comprising:

detector transformer means having a primary detector
winding (T21) and a secondary detector winding (T22);

two asymmetrically conducting impedance means (Q1,
R1, Q'1, R'1) connected 1n parallel across said second-
ary detector winding (T22) and poled in opposite
directions;
said primary detector winding (T21) for sensing current
flow through said two asymmetrically conducting
impedance means (Q1, Q'1) and providing a currcnt
detector control signal to control the controlled device.
10. An AC current detector according to claim 9, wherein
said AC current detector includes two series coupled tran-
sistors of complementary conductivity type (Q1, Q1) having
emitter-base junctions connected in series with a respective
one of two resistances (R1, R'l), the series connections
constituting respective ones of said two asymmetrically
conducting impedance means (Q1, R1, Q'1, R'1) and said
two transistors of complementary conductivity type (Q1,
Q'1) being fed by a voltage supply (T12) and producing at
their common emitters an output signal to control said
control device.
11. An AC current detector according to claim 9, wherein
the number of turns of the secondary detector winding (122)
is at least one order of magnitude, e.g. 30 times, larger than
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the number of turns for the primary detector winding (T21).

12. An AC current detector according to claim 10,
wherein said AC current detector includes protecting diodes
(D1/D'1) that couple collectors of the two transistors of
complementary conductivity type (Q1, Q'1) to the voltage
supply (T12) .

13. An AC curmrent detector according to claim 10,
wherein said AC current detector includes anti-saturation
diodes (D3/D'3) connected across base-collector junctions
of the two transistors of complementary conductivity type
(Ql, Q1).

14. An AC current detector according to claim 10,
wherein said voltage supply (T12) is connected across a
power winding (112) of an output transformer (T1) which
forms part of a power supply circuit and feeds at least one
MOSFET output rectifier (Q2) constituting said controlled
device, said primary detector winding (T21) being con-
nected in series with said at least one MOSFET output
rectifier (Q2) and fed by drain current thereof and said AC
current detector having an output coupled between gate and
source terminals of said at least one MOSFET output
rectifier (Q2).

15. An AC current detector according to claim 14,
whereln said at least one MOSFET output rectifier (Q2) has
a body diode between source and drain terminals being
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made temporarily conductive prior to a change of state of
said at least one MOSFET output rectifier (Q2).

16. An AC current detector according to claim 14 wherein
said at least one MOSFET output rectifier (Q2) has a diode
(D2) between source and drain terminals being made tem-
porarily conductive prior to a change of state of said at least
one MOSFET output rectifier (Q2).

17. An AC detector according to claim 10, wherein said
voltage supply (T12) is coupled to the output to make said
at least one MOSFET output rectifier (Q2) conductive when
drain current e¢xceeds the magnetizing current of the said
primary detector winding (T21).

18. An AC current detector according to claim 17,
wherein said at least one MOSFET output rectifier (Q2) is
directly connected between an output transformer (T1) and
an output shunt capacitance (C').

19. An AC current detector according to claim 18,
wherein said AC current detector includes an inductance (L)
in series with an input winding of the output transformer
(T1).

20. An AC current detector according to claim 19,
wherein said AC current detector includes a DC blocking
capacitance (C) in series with the inductance (L).
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